Although different experimental approaches have suggested certain regulation of the mammalian immune system by the neuroendocrine system, the precise factors involved in the process are largely unknown. In previous reports, we demonstrated important changes in the thymic development of chickens deprived of the major neuroendocrine centers by the removal of embryonic prosencephalon at 33-38 hr of incubation (DCx embryos) (Herrad6n et al., 1991; Moreno et al., 1995) . In these embryos, there was a stopping of T-cell maturation that resulted in an accumulation of the most immature T-cell subsets (CD4-CD8-cells and CD4-CD8 cells) and, accordingly, in decreased numbers of DP (CD4+CD8+) thymocytes and mature CD3+TcRcq cells, but not CD3+TcRy6 lymphocytes. In the present work, we restore the thymic histology as well as the percentage of distinct T-cell subsets of DCx embryos by supplying recombinant chicken prolactin, grafting of embryonic pituitary gland, or making cephalic chick-quail chimeras. The recovery was not, however, whole and the percentage of CD3+TcRcq3 thymocytes did not reach the normal values observed in 17-day-old control ShamDCx embryos. The results are discussed on the basis of a key role for prolactin in chicken T-cell maturation. This hormone could regulate the transition of DN (CD4-CD8-) thymocytes to the DP (CD4+CD8+) cell compartment through its capacity for inducing IL-2 receptor expression on the former.
INTRODUCTION
Numerous studies have emphasized the importance of the pituitary gland for the development and maturation of mammalian lymphoid organs, mainly thymus, although the factors involved remain to be conclusively characterized. Snell-Bagg and Ames dwarf strain mice, which do not contain acidophilic cells in the pituitary gland resulting in a deficient production of growth hormone (GH), prolactin (PRL), and other neuroendocrine mediators, show early thymic involution (Baroni, 1967; Baroni et al., 1967;  Duquesnoy, *Corresponding author, phone 34-1-394 49 79, FAX 34-1-394 49 81, E-mail Zapata@eucmax.sim.ucm.es 1972) with decreased numbers of DP (CD4+CD8+) cells (Cross et al., 1992; Murphy et al., 1992a Murphy et al., , 1992b . Moreover, grafting of syngeneic pituitary glands or administration of PRL and/or GH generally totally or partially restores the immune system (Berczi et al., 1981; Fabris et al., 1989; Murphy et al., 1992a; Esquifino et al., 1991) , but results are frequently contradictory. In fact, obvious difficulties for in vivo manipulation of mammalian fetuses make it difficult to obtain direct evidence on the mechanisms that govern the establishment of such neuroendocrine immune relationships during ontogeny.
In chickens, an excellent experimental model for ontogenetical studies, we reported, several years ago, important morphological changes in the thymus of embryos deprived of the major neuroendocrine centers including the pineal system, hypothalamus, and pituitary gland, by early partial decapitation (DCx embryos) (Herrad6n et al., 1991) , confirming previous data by Jankovic et al. (1978 Jankovic et al. ( , 1981 Jankovic et al. ( , 1982 . More recently, we have demonstrated that such changes affect differently the distinct T-cell subsets, resulting in an accumulation of the most immature elements including DN (CD4-CD8-) cells and CD8CD4 cells, and an almost total disappearance of DP (CD4+CD8+) cells and TcRcq3-expressing cells with few modifications in the pattern of y6 T-cell differentiation (Moreno et al., 1995) .
Although Jankovic and co-workers attributed the delayed development of the immune system of DCx embryos to the profound disturbance of their neuroendocrine system, the factor(s) involved were not identified and they did not carry out any substitutive approach to recover it. In the present study, we have used different experimental approaches to recover the development of T-cell subsets of DCx chicken embryos. Recombinant chicken PRL administered onto the chorioallantoid membrane of DCx embryos (DCx+PRL embryos) restored T-cell development considerably but not totally. Pituitary glands from l 1-day old embryonic chickens grafted onto the chorioallantoid membrane of 11-day old DCx embryos (DCx+Hyp embryos) also induced significant, but not total, recovery of the thymic T-cell subsets, whereas cephalic chick-quail chimeras show an almost complete recovery of the chicken T-cell system. Taken together, these results support a role for PRL in the maturation of T-cell precursors during chicken ontogeny.
RESULTS
The thymus of DCx embryos showed a decreased size and delayed development with a high number of large, blast cells, enlarged connective tissue trabeculae, and absence of a clear cortico-medullary demarcation ( Figure 1B) Moreno et al., 1995) . On the other hand, the thymus of DCx+PRL ( Figure 1C ), DCx+Hyp embryos (Figure 1D ), and chimeras ( Figure 1E ) showed, in general, a normal size and morphology although the two first ones exhibited a slight increase of the medullary area and enlarged trabeculae ( Figures 1C and 1D ) when compared to the Sham-DCx embryos ( Figure 1A ).
According to the expression of either cell-surface molecule recognized by the mAb CVI-His-C7, the three experimental approaches used recovered the thymic T cells of DCx embryos. Although again the values recorded in both DCx+PRL and DCx+Hyp embryos did not reach those of control, Sham-DCx embryos (Table II) . On the contrary, values in chimeric embryos were the same as control values except for the proportion of CD28 positive cells found at day 15 of incubation. Accordingly, all thymocytes, including those of the subcapsulary cortex, which in DCx embryos appeared unstained (Figure 2A ), were positive for the antigenic determinant recognized by mAb CVI-His-C7 ( Figure 2B ). Similar results were obtained using a battery of mAbs MUI-83, CT1, and 5-5, which seems to recognize immature thymocytes (Table II (Table III ). The CD4 cell marker was always co-expressed with CD8, and the CD4+CD8 T-cell population was irrelevant in all groups analyzed (Table III) .
The immunostaining of thymic sections with mAb specific either to CD4 or CD8 confirmed the cytofluorometri results. In the three experimental groups, the pattern of staining was similar and resembled that found in control ( Figure 3A ). Both CD4-and CD8-expressing cells occupied mainly all the thymic cortex, including the subcapsulary and outer area ( Figures 3C, to 3F ), which in DCx embryos appeared unstained with a few positive cells in the medulla ( Figure 3B ).
On the other hand, although the percentage of TcRcq3-expressing cells increased in DCx+PRL and DCx+Hyp embryos, and chimeras, compared to the values observed in 17-day-old DCx embryos, it was still lower than control numbers (Table IV) . In contrast, no significant differences were observed in B
FIGURE
Histological sections of thymic lobes from 17-day-old (A) Sham-DCx, (B) DCx, (C) DCx+PRL, (D) DCx+Hyp, and (E) chimera embryos were stained according to methylene blue. Note the morphological similarities among thymi from (A) control, Sham-DCx, and (C, D, and E), recovered embryos and the scarce development of (B) DCx-thymus. Magnification: 50. (Table IV) . In all groups of embryos, the highest values occurred on day 15, decreasing thereafter (Table IV) . In parallel, the recovery of CD3 T-cell subsets observed in the DCx+PRL and DCx+Hyp embryos as well as in the chimeras was also incomplete and reflected the expression of these cell-surface molecules in TcRy6-expressing cells (Table IV) . incubation (data not shown). On the other hand, relative plasma levels of PRL were similar in 
DISCUSSION
We (Herrad6n et al., 1991; Moreno, 1994; Moreno et al., 1995) and other authors (Jankovic et al., 1978 (Jankovic et al., , 1981 (Jankovic et al., , 1982 have demonstrated profound changes in the thymus development of chicken embryos deprived of the major neuroendocrine centers by early partial decapitation (DCx embryos). In this model, the TcRoz/3-expressing T cells seem to be specially affected, as well as the percentage of DP (CD4+CD8+), DN (CD4-CD8-), and CD81CD4 cells, whereas y6 T cells and CD8hiCD4-cells show few changes. Although profound disturbance of the developing neuroendocrine system has been emphasized to be involved in these changes (Jankovic et al., 1981 (Jankovic et al., , 1982 , precise causative agents remain unclear.
Our current results demonstrate that the treatment of DCx embryos with a single dose of 25 ng per day of recombinant chicken PRL from day 10 of incubation to the day of sacrifice induces an important, but not total, recovery of the T-cell system. In mammals, numerous data indirectly support a role for GH and PRL in the normal development of the immune system, mainly the thymus. However, in embryonic chickens, as shown by our own results, circulating levels of GH are not detected before day 17 of incubation (Harvey et al., 1979) , although somatotrophic cells are present in the 12-day-old embryonic pituitary gland; it is thus impossible to assign a role for this hormone in the changes observed in the thymus of DCx embryos. In contrast, PRL appears in the chicken embryos at day 11 of incubation (Harvey et al., 1979) , and increasing evidence supports its immunoregulatory influence on the adult immune system (Gala, 1991; Hooghe et al., 1993) as well as a certain relevance for thymic maturation (Hiestand et al., 1986) . Thus, both Snell-Begg and Ames dwarf mice, which show important immune deficiencies, (Gala, 1991) . Moreover, Cincotta et al. (1995) reported recently that properly timed PRL administration enhances total murine thymus cell number. In agreement, our current results demonstrate that PRL supply recovers T-cell system of DCx embryos in a similar way to that observed in DCx+Hyp embryos grafted with an embryonic pituitary gland, although in this later experimental condition, the endocrine organs (i.e., thyroid, adrenal glands, and gonads) exhibit an almost normal histology. Accordingly, although other endocrine factors (see later) could be involved, PRL seems to be key factor for recovery of the T-cell system of DCx embryonic chickens.
On the other hand, even low levels of PRL seem be sufficient to bring about this recovery, confirming the previous evidence that a slight, even temporary, rise in PRL concentration has important effects on the mammalian immune system (Meltzer et al., 1983; Rovensky et al., 1991) . In DCx+PRL embryos, the rapid metabolization of PRL, as previously shown in mice (Cross et al., 1992) , may account for the low levels of hormone found. In addition, in chickens, unlike mammals, the hypothalamus stimulates both production and release of PRL (Kragt and Meites, 1965; E1 Halawani et al., 1984) . Also the numbers of histologically identifiable PRL-producing cells in the grafted pituitary glands were very low (data not shown). There is, therefore, a slight increase of PRL levels in 15-day-old DCx+Hyp embryos, but the absence of hypothalamus impedes the elevation of circulating PRL, which in normal embryos occurs on days 15-17 of incubation (Harvey et al., 1979) .
In the DCx embryos, there is some slowing of the maturation of the first wave of T-cell precursors, which reaches the thymus on days 6.5-8 of incubation, and complete impediment of the second wave, which colonizes the 12-14-day-old thymus (Moreno et al., 1995 In mammals, several authors have claimed a direct role for PRL in the intrathymic T-cell maturation (Pierpaoli et al., 1976; Singh and Owen, 1976; Russell et al., 1988; Gala, 1991) , with both DN (CD4-CD8-) and DP (CD4+CD8+) thymocytes as the main target cells for PRL (Cross et al., 1992; Murphy et al., 1992a Murphy et al., , 1992b . However, other immunocompetent cell types, including peripheral CD8 or CD4 cells and B lymphocytes, also respond to the hormone (Russell et al., 1988; Mukherjee et al., 1990; Gagnerault et al., 1993; Viselli and Mastro 1993) . Aged rats, which accumulate DN (CD4-CD8-) cells resulting in a defect in DP thymocytes, almost entirely recover their DP (CD4+CD8+) cell compartment after implantation of GH3 cells, which produce both GH and PRL (Li et al., 1992) . DW/J dwarf mice exhibit a DP thymocytes deficiency, a consequence of a slight increase of mature CD4+CD8 cells and the migration of DP (CD4+CD8+) cells to periphery, but, principally, because of the accumulation of immature DN (CD4-CD8-) cells (Murphy et al., 1992a) . Because GH administration only slightly corrects the defect, the authors conclude that the PRL plays a role in the observed alterations. This view is also supported by results that demonstrate a remarkable recovery in the number of DP (CD4+CD8+) thymocytes of dwarf mice, when the time of weaning is considerably delayed (Cross et al., 1992) , indirectly suggesting that maternal PRL is the causative agent for this improvement.
In general, PRL seems to be involved in cell proliferation and maturation of immune responses (Bhat et al., 1983; Skwarlo-Sonta, 1990 ; Berczi et al., 1991) , acting through the IL-2/IL-2R complex (Mukherjee et al., 1990; Matera et al., 1991; Viselli et al., 1991) (Skwarlo-Sonta, 1990 ). In addition, both chicken and turkey PRL induces in vitro proliferation of rat Nb2 cells (Soares and Proudman, 1991 Marsh and Erf, 1996) although results are frequently controversial and a target lymphoid cell for thyroxine remains to be clearly identified. Nevertheless, Glick (1984) indicated that the administration of propylthiouracyl, an inhibitor of thyroxine synthesis, induced an imbalance in the thymic cortex/ medulla ratio, similar to that found in DCx embryos (Moreno et al., 1995) . On the other hand, the important recovery observed in 17-day-old embryos in the three experimental models used also suggests that the length of treatment is insufficient for full recovery. Unfortunately, the drastic experimental procedure used made it impossible to obtain DCx, DCx+PRL, or DCx+Hyp embryos later than 17-18 days of incubation. Accordingly, research in progress is analyzing the recovery of 10-day-old embryonic thymus organ cultures provided with PRL, thyroxine, or both hormones, so that we can confirm or reject our hypothesis. Fugo's method (Fugo, 1940 
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